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US 9,124,094 B2

1
CURRENT SATURATION DETECTION AND
CLAMPING CIRCUIT AND METHOD

BACKGROUND

The present invention relates, in general, to electronics and,
more particularly, to methods of forming semiconductor
devices and structure.

Current transformers have been used in power systems for
detecting fault conditions that may generate differential cur-
rents in the current transformer. Although current transform-
ers are beneficial in detecting the fault, if the differential
current becomes too large, it could cause the transformer core
to saturate which limits the time available for differential
current detection.

Accordingly, it would be advantageous to have a circuit
and method for clamping a current generated in response to
the occurrence of a differential current. It would be of further
advantage for the circuit and method to be cost efficient to
implement.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from a
reading of the following detailed description, taken in con-
junction with the accompanying drawing figures, in which
like reference characters designate like elements and in
which:

FIG. 1 is a block diagram of a current saturation detection
and clamping circuit in accordance with an embodiment of
the present invention;

FIG. 2 is a circuit schematic of a current saturation detec-
tion and clamping circuitin accordance with another embodi-
ment of the present invention; and

FIG. 3 is a circuit schematic of a portion of the current
saturation detection and clamping circuit of FIG. 2 in accor-
dance with an embodiment of the present invention.

For simplicity and clarity of illustration, elements in the
figures are not necessarily to scale, and the same reference
characters in different figures denote the same elements.
Additionally, descriptions and details of well-known steps
and elements are omitted for simplicity of the description. As
used herein current carrying electrode means an element of a
device that carries current through the device such as a source
or a drain of an MOS transistor or an emitter or a collector of
a bipolar transistor or a cathode or an anode of a diode, and a
control electrode means an element of the device that controls
current flow through the device such as a gate of an MOS
transistor or a base of a bipolar transistor. Although the
devices are explained herein as certain n-channel or p-chan-
nel devices, or certain n-type or p-type doped regions, a
person of ordinary skill in the art will appreciate that comple-
mentary devices are also possible in accordance with embodi-
ments of the present invention. [t will be appreciated by those
skilled in the art that the words during, while, and when as
used herein are not exact terms that mean an action takes place
instantly upon an initiating action but that there may be some
small but reasonable delay, such as a propagation delay,
between the reaction that is initiated by the initial action and
the initial action. The use of the words approximately, about,
or substantially means that a value of an element has a param-
eter that is expected to be very close to a stated value or
position. However, as is well known in the art there are always
minor variances that prevent the values or positions from
being exactly as stated. It is well established in the art that
variances of up to about ten percent (10%) (and up to twenty
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percent (20%) for semiconductor doping concentrations) are
regarded as reasonable variances from the ideal goal of
exactly as described.

Itshould be noted that a logic zero voltage level (V) is also
referred to as alogic low voltage or logic low voltage level and
that the voltage level ofalogic zero voltage is a function of the
power supply voltage and the type of logic family. For
example, in a Complementary Metal Oxide Semiconductor
(CMOS) logic family a logic zero voltage may be thirty
percent of the power supply voltage level. In a five volt
Transistor-Transistor Logic (TTL) system a logic zero volt-
age level may be about 0.8 volts, whereas for a five volt
CMOS system, the logic zero voltage level may be about 1.5
volts. A logic one voltage level (V) is also referred to as a
logic high voltage level, a logic high voltage, or a logic one
voltage and, like the logic zero voltage level, the logic high
voltage level also may be a function of the power supply and
the type of logic family. For example, in a CMOS system a
logic one voltage may be about seventy percent of the power
supply voltage level. In a five volt TTL system a logic one
voltage may be about 2.4 volts, whereas for a five volt CMOS
system, the logic one voltage may be about 3.5 volts.

DETAILED DESCRIPTION

Generally, the present invention provides a current satura-
tion detection and clamping circuit and a method for detect-
ing and clamping a current. In accordance with an embodi-
ment of the present invention, the current saturation detection
and clamping circuit comprises a switch connected to two
amplifiers. More particularly the switch has a control terminal
connected to outputs of each amplifier and a current carrying
terminal connected to an inverting input of one of the ampli-
fiers through a resistor and to the non-inverting input of the
other amplifier through another resistor. Each amplifier has
another output connected to a current saturation indicator.

In accordance with another embodiment, a method for
detecting and clamping a current is provided. A differential
current level of a current flowing in the power mains is
detected. In response to the differential current level equaling
or exceeding a predetermined value for a predetermined
period oftime, a current shunt is activated. A saturation signal
is generated in response to shunting the current, wherein the
saturation signal is used to clamp the differential current
level.

FIG. 1 is a block diagram of a current saturation detection
and clamping circuit 10 in accordance with an embodiment of
the present invention. Detection and clamping circuit 10
includes a protection module 12 coupled to a ground fault
circuit interrupter (“GFCI”) engine 14 and to a current trans-
former 36. More particularly, protection module 12 has input
terminals 20 and 22 connected to input terminals 24 and 26,
respectively, of GFCI engine 14 and an output terminal 28
connected to an input terminal 30 of GFCI engine 14. In
addition, terminal 22 is connected to terminal 34 of current
transformer 36 through an input/output pin 42 and a resistor
44 and terminal 20 is connected to terminal 32 of current
transformer 36 through an input/output pin 40. Although
current transformer 36 is shown as a single current trans-
former having windings 38, this is not a limitation of the
present invention. For example, protection module 12 and
GFCl engine 14 can be connected to a dual core transformer.
GFCI engine 14 may also be referred to as a GFCI module. It
should be noted that resistor 44 is an optional element and
may be absent.

GFCI engine 14 may include circuits or modules such as,
for example, a digital control circuit, a main level/zero cross-
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ing detector, a digital filter, a circuit element parameter mea-
surement network, a grounded neutral detector, a differential
current detector, an offset correction circuit, and a stimulus
waveform generator. An example of a GFCl engine 14 may be
found in U.S. Pat. No. 8,390,297, titled “Ground Fault Circuit
Interrupter and Method,” issued to Riley Beck et al. on Mar. 5,
2013, which is hereby incorporated by reference in its
entirety. In addition, GFCI engine 14 may include a bias
voltage generator.

A filter capacitor 46 may be connected between terminals
32 and 34 and a bypass capacitor 48 may be connected
between terminal 34 and a source of operating potential such
as, for example, ground.

FIG. 2 is a block diagram of a current saturation detection
and clamping circuit 50 in accordance with another embodi-
ment of the present invention. What is shown in FIG. 2 is a
protection module 52 comprising a switch 54, a drive circuit
57, abias network 88, and a saturation indicator circuit 64. By
way of example, switch 54 is a transistor, drive circuit 57 may
be include amplifiers 56 and 58, bias network 88 may be
comprised of impedances 60 and 62 and current sources 90
and 92, and saturation indicator circuit 64 is a logic gate such
as, for example, an OR gate. Amplifiers 56 and 58 may be
operational amplifiers and may be referred to as gain stages.
It should be noted that the control terminal of a switch is
analogous to the control electrode of a transistor and the
conduction terminals of a switch are analogous to the current
carrying electrodes of a transistor. Although transistor 54 is
shown as being a field effect transistor, this is not a limitation
of the present invention. Alternatively, switch 54 can be a
bipolar transistor, a junction field effect transistor, or the like.
Transistor 70 has a control electrode and current carrying
electrodes, wherein the control electrode is a gate electrode
and the current carrying electrodes are drain and source elec-
trodes. Amplifier 56 has an inverting input, a non-inverting
input, and outputs 76 and 78. Likewise, amplifier 58 has an
inverting input, a non-inverting input, and outputs 80 and 82.
The non-inverting input of amplifier 56 is commonly con-
nected to the inverting input of amplifier 58 and to the source
of transistor 54 to form an input/output terminal or node 84
that is connected to input 26 of GFCI engine 14 and to input
pin 42. Output 76 of amplifier 56, output 80 of amplifier 58,
and the gate of transistor 54 are commonly connected
together. In accordance with an embodiment, impedances 60
and 62 are resistors. A terminal of resistor 60 is connected to
the inverting input of amplifier 56 and to a terminal of a
current source 90. The other terminal of current source 90
may be coupled for receiving a source of operating potential
such as, for example, operating potential V,,,. The other
terminal of resistor 60 is connected to the drain of transistor
54 to form an input/output terminal or node 86 that is con-
nected to input 24 of GFCI engine 14 and to input pin 40. A
terminal of resistor 62 is connected to the non-inverting input
of amplifier 58 and to a terminal of a current source 92 and the
other terminal of resistor 62 is connected to input/output node
86, i.e., to a terminal of resistor 60 and to the drain of tran-
sistor 54. The other terminal of current source 92 may be
coupled for receiving a source of operating potential such as,
for example, operating potential V.. Resistors 60 and 62 and
current sources 90 and 92 form bias network 88, wherein the
node formed by the connection of terminals of resistors 60
and 62 serve as a common node, e.g., input/output node 86
and the other terminals of resistors 60 and 62 serve as termi-
nals of bias network 88. Outputs 78 and 82 of amplifiers 56
and 58 are connected to corresponding inputs of OR gate 64.
The output of OR gate 64 is connected to an input 30 of GFCI
engine 14.
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In addition, input/output terminal 84 is connected to termi-
nal 34 through input/output pin 42 and resistor 44, and input/
output terminal 86 is connected to terminal 32 through input/
output pin 40. It should be noted that resistor 44 is an optional
element and may be absent. Although current transformer 36
is shown as a single current transformer having windings 38,
this is not a limitation of the present invention. Protection
module 52 and GFCI engine 14 can be connected to a dual
core transformer.

A filter capacitor 46 may be connected between terminals
32 and 34 and a bypass capacitor 48 may be connected
between terminal 34 and a source of operating potential such
as, for example, ground.

In accordance with embodiments of the present invention,
GFCl engine 14 has at least an output 24 and inputs 26 and 30,
where input 30 is coupled to a signal generator that indicates
the saturation state of current transformer 36.

In operation, GFCI module 14 generates a bias voltage
V ias at output 24 which is transmitted to output pin 40 via
input/output node 86. In addition, current sources 90 and 92
and the resistance values of resistors 60 and 62 are configured
to generate a current that flows through resistors 60 and 62 to
set predetermined voltages at the non-inverting input of
amplifier 56 and the inverting input of amplifier 58. The
current levels of current sources 90 and 92 and the resistance
values of resistors 60 and 62 are selected to generate an upper
reference voltage at the inverting input of amplifier 56 that is
greater than bias voltage Vbias and to generate a lower refer-
ence voltage at the non-inverting input of amplifier 58 that is
less than reference voltage Vbias. For example, GFCI engine
14 may be configured to generate a bias voltage Vbias of
about 2 volts, current source 90 and resistor 60 may be con-
figured to generate a voltage of about 2.1 volts at the inverting
input of amplifier 56, and current source 92 and resistor 62
may be configured to generate a voltage of about 1.9 volts at
the non-inverting input of amplifier 58. The voltages gener-
ated at input/output nodes 86 and 84 by resistors 60 and 62
and current sources 90 and 92 may be referred to as clamping
voltages, where the clamping voltage at input/output node 86
is an upper clamping voltage and the clamping voltage at
input/output node 84 is a lower clamping voltage.

In response to a negligible differential current flowing the
power mains, i.e., conductors 36A and 36B, or substantially
zero differential current flow, substantially zero current flows
in windings 38, and the voltage at input/output node 84 is
substantially equal to the voltage at input/output node 86, i.e.,
the voltage at input/output node 84 is substantially equal to
the voltage generated at output 24 by GFCI engine 14. In
response to a voltage substantially equal to the voltage at
output 24 appearing at input/output node 84, amplifiers 56
and 58 operate in an open loop configuration in which ampli-
fier 56 generates a low voltage level at output 76 and amplifier
58 generates a low voltage level at output 80. The low voltage
levels at outputs 76 and 80 appear at the gate of transistor 54,
turning off transistor 54. Thus, amplifier 56 serves as a drive
circuit for transistor 54 and amplifier 58 serves as a drive
circuit for transistor 54. It should be noted that high voltages
appear at outputs 78 and 82 of amplifiers 56 and 58, respec-
tively, resulting in a logic high voltage level appearing at input
30 of GFCI engine 14.

In response to a high differential current appearing in the
power mains, i.e., conductors 36 A and 36B, a fault current I
flows in windings 38 due to a fault condition at line conductor
36A or at neutral conductor 36B, an internal shunt is enabled
that shunts current away from input terminal 26. By way of
example, a high differential current may by 750 milliamps,
one amp, or another user defined current value. More particu-
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larly, a fault condition that causes a current I to flow towards
input pin 42 lowers the voltage appearing at input/output node
84. If the differential current is sufficiently high to cause the
voltage at input/output node 84 to fall below the voltage at the
non-inverting input of amplifier 58, amplifier 58 generates a
high voltage at output 80 whereas amplifier 56 continues to
generate a low voltage at output 76. The resulting voltage at
the gate of transistor 54 and the drain-to-source voltage of
transistor 54 are sufficient to turn it on thereby activating a
current shunt. More particularly, current I flows through
transistor 54 and back into current transformer 36, i.e., cur-
rent [ is shunted away from GFCI engine 14 and the voltage
at input/output node 84 is clamped at the voltage at the non-
inverting input of amplifier 58. Thus, transistor 54 forms a
current shunt.

Likewise, a fault condition that causes a current I to flow
towards input pin 40 raises the voltage appearing at input/
output node 84. If the differential current is sufficiently high
to cause the voltage at input/output node 84 to rise above the
upper reference voltage at the inverting input of amplifier 56,
amplifier 56 generates a high voltage at output 76 whereas
amplifier 58 continues to generate a low voltage at output 80.
The resulting voltage at the gate of transistor 54 and the
drain-to-source voltage of transistor 54 are sufficient to turn it
on thereby activating a current shunt. Current [. flows
through transistor 54 and back into current transformer 36,
i.e., current I is shunted away from GFCI engine 14 and the
voltage at input/output node 84 is clamped at the voltage at the
inverting input of amplifier 56.

By way of example, circuit 50 may be designed so that a
differential current of one ampere generates a fault current [
sufficiently large to activate the current shunt, e.g., a current
of'one ampere. In addition, circuit 50 may be designed so that
the voltage appearing at the inverting input of amplifier 56 is
about 2.1 volts, the voltage generated at GFCI engine output
24 is about 2 volts, and the voltage at the non-inverting input
of amplifier 58 is about 1.99 volts. In this example, a fault
current I that causes amplifier 58 to generate a high output
signal at gate 50 clamps the voltage of input/output node 84 at
1.9 volts and a fault current I that causes amplifier 56 to
generate a high output signal at gate 50 clamps the voltage of
input/output node 84 at 2.1 volts.

Amplifiers 56 and 58 have outputs 78 and 82, respectively,
connected to corresponding inputs of OR gate 64, which has
an output connected to input 30 of GFCI engine 14. In
response to an input of OR gate 64 transitioning to a logic
high voltage level, a signal at the output of OR gate 64
transitions to a logic high voltage, indicating that current
transformer 36 is operating in a saturated state. In response to
the output signal of OR gate 64 being at a logic high voltage
level for a predetermined period of time, GFCI engine 14
generates an indicator signal indicating that the core is satu-
rated. In response to the indicator signal being asserted for a
predetermined time, the ground fault interrupter circuit gen-
erates a fault signal. It should be noted that the present inven-
tion is not limited to using a logic gate such as OR gate 64 to
indicate saturation of current transformer 36 and the presence
of a fault.

FIG. 3 is a circuit schematic of amplifiers 56 and 58 in
accordance with an embodiment of the present invention.
What is shown in FIG. 3 is a differential input stage 100
connected to current mirrors 102, 104, and 106. Differential
input stage 100 has inputs 112 and 114 coupled for receiving
input signals V,, and V., respectively, a current carrying
terminal 116 connected to a current source 122, a current
carrying terminal 118 connected to current mirror 102, and a
current carrying terminal 120 connected to current mirror
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104. By way of example, differential input stage 100 is com-
prised of a pair of p-channel transistors 130 and 132, each
having a gate, a source, and a drain, wherein the sources are
commonly connected together to form current carrying ter-
minal 116, the gates of transistors 130 and 132 serve as or,
alternatively, may be connected to inputs 112 and 114,
respectively, and the drains of transistors 130 and 132 serve as
or, alternatively, may be connected to current carrying termi-
nals 118 and 120, respectively. Current source 122 has termi-
nal coupled for receiving a source of operating potential such
as, for example, V,,, and a terminal connected to current
carrying terminal 116.

Current mirror 102 includes n-channel transistors 134 and
136, where each transistor has a gate, a source, and a drain,
and wherein the sources of transistors 134 and 136 are com-
monly connected together, the gates of transistor 134 and 136
are commonly connected together and to the drains of tran-
sistors 136 and 130, i.e., the gates of transistors 134 and 136
and the drain of transistor 136 are commonly connected to
current carrying terminal 118.

Current mirror 104 includes n-channel transistors 138 and
140, where each transistor has a gate, a source, and a drain,
and wherein the sources of transistors 138 and 140 are com-
monly connected together, the gates of transistor 138 and 140
are commonly connected together and to the drains of tran-
sistors 138 and 132, i.e., the gates of transistors 138 and 140
and the drain of transistor 136 are commonly connected to
current carrying terminal 120.

Current mirror 106 includes p-channel transistors 142 and
144, where each transistor has a gate, a source, and a drain,
and wherein the sources of transistors 142 and 144 are com-
monly connected together and for receiving a source of oper-
ating potential such as, for example, V,,, the gates of tran-
sistor 142 and 144 are commonly connected together and to
the drains of transistors 142 and 134. The drain of transistor
144 is connected to the drain of transistor 140.

Amplifiers 56 and 58 further include a current mirror 150
that includes p-channel transistors 152, 154, and 156, where
each transistor has a gate, a source, and a drain, and wherein
the gates of transistors 152, 154, and 156 are commonly
connected together and to the drain of transistor 152 and the
sources of transistors 152, 154, and 156 are commonly con-
nected together and for receiving a source of operating poten-
tial such as, for example, V. An n-channel transistor 158
has a gate coupled for receiving a reference voltage Vg, a
drain connected to the drain of transistor 152 and to the gates
of transistors 152, 154, and 156, a source connected to the
drains oftransistors 140 and 144, and a body terminal coupled
for receiving a source of operating potential V ;. The drain of
transistor 154 is connected to a terminal of a capacitor 164 to
form output terminals 76 and 80 of amplifiers 56 and 58,
respectively, and the other terminal of capacitor 164 is con-
nected to input 114, i.e., to the gate of transistor 132. The
drain of transistor 156 is connected to a terminal of a current
source 162, which current source 162 has another terminal
coupled for receiving a source of operating potential such as,
for example, V.

In addition, amplifiers 56 and 58 may include a transistor
160, which has a gate connected to the drain of transistor 156
and to current source 162, a source coupled for receiving a
source of operating potential V4, and a drain connected to an
input of an inverter 166. The output of inverter 166 is con-
nected to the input of an inverter 168 and the output of inverter
168 serves as or, alternatively, is coupled to an output termi-
nals 78 and 82 of amplifiers 56 and 58, respectively.

It should be noted that the body terminals of transistors
134, 136, 138, 140, 158, and 160 are coupled for receiving a
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source of operating potential such as, for example, operating
potential V ., the body terminals of transistors 142, 144,152,
154, and 156 are coupled for receiving a source of operating
potential such as, for example, V ,,, and the body terminals of
transistors 130 and 132 are connected to the drain terminals of
transistors 130 and 132, respectively. It should be further
noted that transistors 130, 132, 142, 144, 152, 154, and 156
may be n-channel transistors and transistors 134, 136, 138,
140, and 160 may be p-channel transistors. In addition, the
transistors may be field effect transistors, bipolar transistors,
or the like.

By now it should be appreciated that a current saturation
detection and clamping circuit have been provided. More
particularly, the current saturation detection and clamping
circuit includes a voltage clamp that clamps the voltage at the
input of a GFCI engine if the voltage at an input to the GFCI
engine exceeds a positive limit or a negative limit. In addition,
the circuit clamps the current to inhibit it from resetting the
GFCI circuit.

Although specific embodiments have been disclosed
herein, it is not intended that the invention be limited to the
disclosed embodiments. Those skilled in the art will recog-
nize that modifications and variations can be made without
departing from the spirit of the invention. It is intended that
the invention encompass all such modifications and varia-
tions as fall within the scope of the appended claims.

What is claimed is:

1. A current saturation detection and clamping circuit,
comprising:

a switch having a control terminal and first and second

conduction terminals;

a first amplifier having first and second inputs and first and
second outputs, the first input coupled to the second
conduction terminal of the switch and the first output
coupled to the control terminal of the switch;

a first impedance coupled between the second input of the
first amplifier and the first conduction terminal of the
switch; and

a ground fault circuit interrupter engine having first and
second inputs, the first input coupled to the first conduc-
tion terminal of the switch and the second input coupled
to the second conduction terminal of the switch.

2. The current saturation detection and clamping circuit of
claim 1, further including a second amplifier having first and
second inputs and first and second outputs, the first input
coupled to the second conduction terminal of the switch and
the first output coupled to the control terminal of the switch.

3. The current saturation detection and clamping circuit of
claim 2, further including a second impedance coupled
between the second input of the second amplifier and the first
current conductor of the switch.

4. The current saturation detection and clamping circuit of
claim 1, further including a first current source coupled to the
second input of the first operational amplifier.

5. The current saturation detection and clamping circuit of
claim 4, further including a second current source coupled to
the second input of the second operational amplifier.

6. The current saturation detection and clamping circuit of
claim 1, wherein the ground fault circuit interrupter further
comprises a third input, and further including a saturation
indicator circuit having first and second inputs and an output,
the first input coupled to the second output of the first ampli-
fier and the output coupled to the third input of the ground
fault circuit interrupter.

7. The current saturation detection and clamping circuit of
claim 6, wherein the second output of the second amplifier is
coupled to the second input of the saturation indicator circuit.
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8. The current saturation detection and clamping circuit of
claim 6, wherein the saturation indicator circuit comprises an
OR gate.

9. A circuit, comprising:

a transistor having a control electrode and first and second

current carrying electrodes;

a ground fault circuit interrupter engine having a plurality
of inputs, a first input of the plurality of inputs coupled to
the first current carrying electrode of the transistor and a
second input of the plurality of inputs coupled to the
second current carrying electrode of the transistor; and

adrive circuit having a plurality of inputs and an output, the
output coupled to the control electrode of the transistor,
wherein the drive circuit comprises:

a first gain stage having first and second inputs and first and
second outputs, the first input coupled to the second
current carrying electrode of the transistor and serving
as a first input of the plurality of inputs; and

a second gain stage having first and second inputs and first
and second outputs, the first input coupled to the second
current carrying electrode of the transistor and serving
as a second input of the plurality of inputs and the output
coupled to the control electrode of the transistor, the
outputs of the first and second gain stages coupled
together to form the output of the drive circuit.

10. The circuit of claim 9, further including a bias network
having first and second terminals and a common node, the
first terminal coupled to the second input of the first gain
stage, the second terminal coupled to the second input of the
second gain stage, and the first current carrying electrode of
the transistor coupled to the common node.

11. The circuit of claim 10, wherein the bias network
comprises:

a first resistor having first and second terminals, the first
terminal coupled to the second input of the first gain
stage and serving as the first terminal of the bias net-
work; and

a second resistor having first and second terminals, the first
terminal of the second resistor coupled to the second
terminal of the first resistor to form the common node,
the second terminal of the second resistor coupled to the
second input of the second gain stage and serving as the
second terminal of the bias network.

12. The circuit of claim 11, wherein the bias network

further comprises:

a first current source coupled to the second input of the first
gain stage; and

a second current source coupled to the second input of the
second gain stage.

13. The circuit of claim 11, further including a saturation
indicator circuit having first and second inputs and an output,
the first input coupled to the second output of the first gain
stage and the second input coupled to the second output of the
second gain stage.

14. The circuit of claim 12, wherein the saturation indicator
circuit comprises an OR gate.

15. The circuit of claim 12, further including a current
transformer having first and second terminals, the first termi-
nal coupled to the first current carrying electrode of the tran-
sistor and the second terminal coupled to the second current
carrying electrode of the transistor.

16. A method for detecting a fault condition, comprising:

detecting a differential current level of a current flowing in
a power mains;
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activating a current shunt in response to the differential
current level generating a voltage at a node that one of
exceeds a first reference voltage or is less than a second
reference voltage;

clamping the voltage at the node at the first reference

voltage in response to the voltage at the node exceeding
the first reference voltage or clamping the voltage at the
node at the second reference voltage in response to the
voltage at the node being less than the second reference
voltage;

generating a saturation signal in response to clamping the

voltage at the node; and

generating a fault detection signal in response to the satu-

ration signal being asserted for a predetermined time.

17. The method of claim 16, wherein activating the current
shunt includes turning on a transistor in response to a differ-
ence in voltages at first and second inputs of a first amplifier
being greater than a predetermined value.

18. The method of claim 16, further including generating
the saturation signal in response to at least one output signal
from an amplifier being at a logic high voltage level.

19. The method of claim 16, wherein activating the current
shunt includes shunting a current to a current transformer.
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